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I. INTRODUCTION
This is the first time Denso has sponsored a senior level capstone design project at
the University of Tennessee. For 2004-2005 three design projects were selected by Dr.
Dareing for our class to complete. One of the projects is to design a device that will
clean small plastic parts.
The purpose of the machine is to clean small particles of dust and plastic off the
light diffuser. The parts must be free of all small particles so that when a light or LED is
illuminated behind the light diffuser no shadows are cast onto the illuminated surface. As
of now the only cleaning of the part is after assembly. The cleaning now consists of an
operator using an air gun to blow off the exposed surface of the light diffuser.
Denso is searching for an effective way to clean the light diffuser. Denso has not
attempted to automate this process yet.

II.

WORK STATEMENT
The objective of this project is to define, design, and construct a device that will

remove small defects from various plastic parts. These parts are used in dashboard
displays or other components where the defects would cause unsatisfactory visual
imperfections. Our prompt is to use some process in a device that will separate these
defects from the plastic parts they are attached to. The device must be able to
accommodate several different parts with distinct and unique features.
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III.

DESIGN SPECIFICATIONS

Although this design project is very open-ended, it is not without constraints. Denso
has placed a few design specifications on our project, primarily involving the quality of
the plastic parts. The parts are not to be damaged, scratched, chipped, or broken during
the process. They must be free of moisture at the end of the process, and obviously they
must be free of the defects we are to remove. The device must work as fast as or faster
than the thirty-second cycle time of the manufacturing line and be able to accommodate
several unique small plastic parts.
We have also identified some design specifications for our own goals. We would like
for the device to be as independent as possible; it should not require an operator.
Furthermore, in order to be less of a burden on Denso' s manufacturing facilities, the
device should require a minimal use of electricity or other utility, and operate with a
minimal amount of noise. The device will be composed of materials that are deemed safe
and appropriate in a manufacturing environment. Finally, although the assignment
involves separation of defects, we hope to separate, remove, and collect these defects in
bulk.
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IV.

DESIGN METHODOLOGY
The Design Methodology flow chart (see Figure One) shows that the first step of

any design process involves the operation requirements. For our project, the operation
requirements are simple: create a device that will separate debris from the small plastic
parts used in Denso's parts assembly. The next step, design specifications, required
compiling specifications from Denso and assuming our own limitations. This
information is used in creating the initial design concepts, which involve synthesis and
analysis in a constant loop. Each concept must be though out and fully formed before it

can be comparatively evaluated. At the end of the synthesis and analysis, a diverse group
of unique design concepts should emerge. The best of these design concepts go through a
process of concept evaluation, where each concept is evaluated in various parameters
such as effectiveness, cost, availability, and safety. Each concept is rated objectively in
each parameter, and the ultimate weighted score should reflect which design concept is
most preferable. The recommended design, however, may incorporate multiple design
concepts. It may be ideal to recognize that various concepts have their place in the
process, and so the final design proposal should perhaps reflect a combination of design
concepts.
This preliminary design concept undergoes further refinement and adjustment in
order to optimize the design. With this design, formal drawings are made for parts that
must be created and a separate parts list is created for items that must be ordered. The
design description should also specify the assembly of all the parts and outline how the
process performs the desired operation requirements. When the parts are assembled, the
prototype is complete and this prototype can be tested. The test results from prototype
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runs should provide infonnation such as effectiveness, time of operation, ease of use, etc.
These results are analyzed in order to improve the prototype. This process continues
until the prototype meets or exceeds all necessary operation requirements. At this point,
final fabrication drawings are created in order to create a product suitable for
manufacturing facilities.
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Figure One: Design Concept Metrics
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V. GENERATION OF DESIGN CONCEPTS
Rather than start immediately designing and constructing one design concept, we
approached the prompt from several different angles and produced three distinctive
design concepts. At the initial design phase, we anticipate that each concept will perform
the task adequately. All three concepts require some initial device to take plastic parts in
bulk and arrange them in a way that only a few parts at a time could be involved in the
separation process. Once the design concepts are defined, we must evaluate the benefits
and drawbacks of each concept. Finally, we will make a recommendation of what we
expect to be the most efficient and effective concept.

V.I CONCEPT ONE
The first of three concepts involves a vacuum. The parts will be placed a few at a
time on a mesh, at which time a vacuum device will use suction to separate the small
defects from the plastic parts. These defects will be collected by a filter or mesh in the
vacuum, where they can be removed periodically. After the vacuum process, the clean
parts will be delivered to another bulk bin.

Figures Two and Three: Design Concept 1 (Vacuum)
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V.II

CONCEPT TWO

The second concept uses a vibration table to safely tumble the parts. The parts would
slide onto a slanted vibration mesh platform that would tumble the parts, hopefully
dislodging any defects, allowing them to fall through the mesh. Due to the slope of the
table, the parts would tend to slide down towards a collecting bin for the clean parts.
Unlike the vacuum, the feed could be continuous.

Figure Four: Design Concept Two (Vibration)
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V.III

CONCEPT THREE

The third concept involves newer technology - electrostatic components. Much like
antique clothes dryers, the parts could pass through two rollers. These rollers would be
covered in an electrostatic fiber to statically conduct and attract the small defects,
removing them from the plastic parts. The roller covers would have to be replaced
periodically, depending on the cleanliness of the plastic parts.

Figure Five: Design Concept Three (Electrostatic)
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VI.

EVALUATION OF DESIGN CONCEPTS

All three-design concepts had to be evaluated on certain parameters. To do this, we
considered the most crucial aspects of the concepts: performance, cost, risk and
availability. Some of those aspects were broken down further into more descriptive
qualities and weighted accordingly. Then each of the concepts were evaluated within
each parameter.
Performance - The capability to achieve needed operational characteristics, plus
reliability.
Cost - The estimated cost of the design, including development and manufacturing
costs.
Risk - The possibility that performance may not be met because of the design
approach, absence of testing, or some specific technical consideration.
Availability - The availability of a design depending upon the stage of development.
The results are shown below.

VI.I

CONCEPT METRICS
Table One: Design Concept Metrics

Performance (40)
Cleaning ability
Adaptability
Cycle time
Cost (20)
Equipment cost
Running cost
Risk (30)
Reliability
Danger of operation
Availability (10)

Weight

Vacuum

Vibration

Electrostatic

20
10
10

18
10
8

13
9
9

7
3
7

10
10

6
8

7
9

8
2

10
20
10

7
15
9

9
18
5

8
17
2

100

81

79

54
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VI.II RECOMMENDATION
Initially it was decided to use the vacuum with air nozzles to remove the debris
from the parts. After much consideration, the group and Dr. Dareing decided to clean the
plastic parts with several processes to ensure that the desired removal of all debris was
accomplished. Since certain auxiliary processes might be more effective on the uniquely
shaped parts, the addition of other processes helps guarantee that all parts will be cleaned.
The first step consists of a device to sort the parts. The next step consists of rotating
brushes to help brush away and remove debris. The third step uses vibration tables with
electro-stat pads. The final step uses a vacuum to remove any debris that has been left by
previous processes. The clean parts will then fall into a collection bin. This multi-step
cleaning process ensures that all the debris is separated and removed from the parts

VII. PRELIMINARY DESIGN OF PREFERRED CONCEPT
Our preliminary design brings together four main parts of the cleaning process. The
first part is a bulk container, which stores the parts and intermittently loads them into the
cleaner. Next, the parts fall from the container onto a set of brushes that can separate
large debris. Then, the parts fall onto vibration tables, which can loosen smaller debris.
Finally, the parts slide over a mesh and vacuum, which allows the debris to fall through
and the clean parts to pass over into a collection bin.
Since the size of the parts varies, the bulk container had to be built in order to
accommodate each of these sizes. It was decided that, no matter how large each
individual part was, the total volume of a batch of parts was relatively the same. Thus, the
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bulk container was made with this volume in mind. Small linear brushes about two inches
in height are radially arranged on a horizontal disc. A motor spins this disc slowly, and
thus the parts fall between these brushes and ultimately through a small hole in the
bottom of the container.
From the container, the parts fall onto a set of circular brushes. A separate motor quickly
spins each of these horizontally mounted brushes. These soft bristles will be used to
loosen the larger debris from the parts. Eventually the parts will fall through the gaps
between the brushes. Below the brushes is a pair of vibration platforms. These platforms
are intended to remove the smaller debris from the parts. Also, these platforms will be
covered with anti-static material to prevent debris being attached to the parts by static
charge.
Finally, the parts pass over a metal mesh. By this point in the process, the debris is
separate from the small parts, so when everything passes over the mesh, the debris falls
through and the clean parts slide into a large collection bin. Periodically, the vacuum
filter will need to be cleaned or replaced in order to ensure the vacuum is operating
correctly. Also, the anti-static material on the vibration tables will have to be replaced.
Fortunately, simple SWIFFER sheets can be used that can be purchased at almost any
grocery or home improvement stores. Thus an added benefit to this device is that both
manual operation and maintenance are kept to a minimum.
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Figure Six: Part hopper and part sorter

Figure Seven: Brush cleaning system
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Figure Eight: Vibration tables

VIII. Building the Prototype
In building the prototype we first decided to start putting the brushes together
because the brushes and the vibration table used the same motor. A rectangular-frame
was constructed out of the Bosch extrusion, which was long enough for all four brushes
and motor. Then the motor and the brushes were all attached to this frame. Placing the
smaller gear on the motor and the larger on the first drive shaft of the brushes created a
gear reduction of 5 to 1. Additional drive gears were placed on each of the shafts of the
brushes in order for them to be driven.
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Figure Nine: Frame and brushes

Figure Ten: Gear reduction
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A chain was then linked to all of the gears and tensioners were made and placed in
between each gear to ensure every brush would be driven. Two additional gears were
placed on the first brush's driveshaft in order to operate the vibration tables down below.
From the frame made for the brushes, the vibration tables were attached by adding
vertical members with horizontal members placed in between the vertical ones to support
the table. More vertical members were placed behind the motor on the top frame to help
stabilize the tables. The mounts for the tables were attached and the tables were the
attached to the mounts. The moving links that make the tables vibrate were attached to
the tables and then to the rotating cam above. The cam was then attached to its drive
shaft. The members that held the drive shaft in place for the vibration tables were
attached to the frame portion of the brushes.

Figure Eleven: Vibration tables
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Figure Twelve: Vibration table mounts

Figure thirteen: Vibration cam
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Figure fourteen: Full assembly without guards and covering

A Chain was then linked between the gears on the brushes to the gears on the vibration
tables' drive shaft. After this horizontal members were attached on the outside of the
vertical members that hanging down from the top of the frame. More vertical members
were attached to these to give the overall mechanism some distance between the floor and
provide room for the vacuum and clean parts bin. The funnel for the vacuum was then
attached to a member attached the frame. The vacuum was then attached to one of the
vertical members used for clearance. The hose for the vacuum was then attached to the
funnel. The outlet of the feeder was placed above the first brush and then the feeder was
attached to the frame of the brush system. A member attached to the feeder bucket holds
the motor in place inside the bucket. The speed controller was attached below the
brushes to the vertical members previously placed there. The electrical system consists
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of three switches: an overall power switch, which could be used to tum off the entire
mechanism, a switch for the feeder mechanism and a switch for the brushes and vibration
tables motor. A master electrical cord was then attached to the main power switch, which
provides power for the whole system. The entire device was then lined with durable
plastic to keep parts from being lost and to prevent the operator from being injured.

Figure fifteen: Full assembly with guards and covering

IX. Testing The Prototype
The prototype initially worked fairly well without many changes. However we
did find that the chains had too much slack when operating so we found it necessary to
add adjustments to tension the chains. During the initial trials there were concerns that
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the brush's were rotating to fast and would through the parts to far. After adding the
plastic covering this problem was solved and a good tumbling effect was achieved to
clean the parts on all sides. The vacuum was originally placed as the last processes in the
system but after further considerations it was decided that the vacuum should be placed at
the beginning of the process. This was so that the majority of the debris could be cleaned
and collected off the parts before hitting the brushes and being scattered. The last
problem that we encountered was that if the parts landed next to the supports for the
vibration tables that the parts would not move off the ramps. This was fixed by adding
ramps that are steeper next to the ends of the tables near the supports so that the parts will
slide off the ramps.

X. Problems with Design
The problems with our design mainly stem from its complexity and size. The
system has several moving parts, which is always a consideration with
maintenance and reliability. In order to reduce the number of moving parts,
the automatic feeder mechanism was ultimately taken out of the system. This
means that the parts will have to be hand-fed into the device. Another final design
change resulted in the relocation of the vacuum. Instead of being the final step in the
process, the vacuum is now at the beginning. Unfortunately, the vacuum may not be
powerful enough to perform as needed; a pressure gradient would have been preferable in
this case. Also, a second vacuum should be placed at the end of the process in order to
finally separate the defects from the small plastic parts. Otherwise the system requires
that the defects remain in the brushes or on the electrostatic pads. Finally, the device is
not easily portable or serviceable. Due to the number of processes involved, the device is
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considerably larger in scale compared to the parts that it cleans. Its cumbersome size
means that the device cannot be conveniently applied to any manufacturing line. Likely,
it will remain in one area and all parts will have to be delivered to and from it. This
nuisance also contributes to its service difficulty. To perform any maintenance to the
device, a few parts will have to be removed to provide visibility and access to any of the
several mechanisms.

XI. Final Design
The final design did not change much for the previously built prototype. After
some thought, the feeder mechanism was deemed to be unnecessary and was removed
and a hand feeding device was installed for the operator. The vacuum system was
installed right before the brush system on a ramp for the parts to be passed over. The
vacuum and the hand-feeding device were also lined with the durable plastic to ensure the
parts were properly moved to the brush system.

Figure sixteen: Hand feed ramp and vacuum
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The members the held the drive shaft in place had cable that ran from members to the
main frame to ensure the proper chain tension in order to operate the vibration tables.
The horizontal members that held the vibration tables in place were moved at a greater
angel to ensure that the parts moved across them. A ramp was installed to ensure that the
parts moved from the brush system properly to the vibration tables. Ramps that held the
electro-static material were made and attached to the vibration table with Ve1cro so the
electro-static material could be replaced. A collection bin was then placed below the
vibration tables to collect the parts.

Figure seventeen: chain tensioner and gaurds
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Figure eighteen: Full assembly with guards and covering

XII. Conclusions and Recommendations
The final proj ect has been tested and demonstrated to the design team's
satisfaction. However, the device has not been tested in the manufacturing
environment. Before the device is utilized, there are a few recommendations
to the end user.
Although the device is large, the device should not be forced to clean more
than about three pieces per second (roughly two hundred per minute).
Overloading the device will likely result in parts not being effectively
cleaned. Based on the design requirements supplied by Denso, it is expected
that the device will be operated at a much lower capacity.
Another recommendation is to clean the brushes and replace the electrostatic
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pads regularly. The degree of regularity depends on the usage of the device,
but it is estimated that the electrostatic pads should be replaced after
cleaning ten thousand pieces. Simple SWIFFER-brand sheets can be used on the
electrostatic pads. The brushes may require cleaning half as often, or every
twenty thousand pieces. Finally, continuous operation of the device is not
recommended. Due to the capacity of the device, however it is not expected to be
operated continuously; thirty minutes of operation should clean well over five thousand
pieces. Since the device has several moving parts, a continuous operation will hasten the
fatigue and wear of these parts, so it is recommended that the device is
turned off when not in use.
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APPENDIX
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GANTT CHART
The following Gantt chart shows the time allocated for each step in the design
process. Each milestone is indicated by the black diamond at the end of each period.
The first milestone was on October 8 when the design concepts where presented
at Denso. The second and third milestones were on December 2 when the preliminary
design was finished and presented to Denso. The fourth milestone was in March when
the product was demonstrated to Denso at UT. The fifth and last milestone is in may
when the final presentation is given and the product is presented and ready for delivery.
For every step in the process, approximate man-hours were estimated and
attributed to each task. For the fall semester, about 100 hours were spent brainstorming
designing and preparing for the presentations. The spring semester deals with the
assembly, manufacture, and testing of the prototype. We expect the manufacturing of the
parts to take about 80 hours and the assembly to take about 40 hours. Testing of the
machine took much longer because of all the tweaking of the timing and fixing little
issues that were found.
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Figure Ten: Gantt Chart

---+

-+

-+
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Table Two: ECONOMICS AND APPROXIMATE
BUDGET

Part

Part #

Hydraulic pillow block bearing
1"ID

1805

Price per
# of parts part

Total price
for parts

10

$6.99

$69.90

4

$53.75

$215.00

80ft

95$ 120ft

$380.00

8-981-021-342

8

$1.00

$8.00

24

$1.00

$24.00

10mm T nut M4

3-842-146-823
3-842-530-281

16

$0.75

$12.00

10mm T nut M6

3-842-530-285

10

$0.75

$7.50

40mm x 40mm 90degree Gusett 3-842-529-383
6261k107
ANSI roller chain #25
6261k108
Chain connector
2737t6
14 1/2"tooth sprocket
23 1"tooth sprocket
b-5223
17 5/8" tooth sprocket
2737t9
2737t16
23 1/2"tooth sprocket
72 1" tooth sprocket
2737t36
5989k63
1/3 hp AC motor
1497k104
Keyed 1"x 60"shaft
1497k131
Keyed 1/2" x 12" shaft
98535a15
Keyway 1/4" x 1/4"
74405T85
Strip Brush
Strip Brush Holder
8813T8

50
20 ft
10
1
6
1
2
2
1
1
1
1
1
1

$5.00
$2.66
$0.70
$5.78
$12.00
$6.00
$6.78
$17.52
$105.17
$82.05
$17.67
$3.55
$23.12
$14.98

$250.00
$53.20
$7.00
$5.78
$72.00
$6.00
$13.56
$35.04
$105.17
$82.05
$17.67
$3.55
$23.12
$14.98

1
1
8
2
1
4
4
15
2
1

$284.30
$314.44
$5.04
$5.47
$33.07
$9.55
$0.87

$284.30
$314.44
$40.32
$10.94
$33.07
$38.20
$3.48
$9.90
$33.00
$15.06

6" x 6" soft nylon brush with 1" ID
40mm X 40mm Bosch
aluminum extrusion framing
1Omm T bolt fastening kit M8 x
14mm
10mm T bolt fastening kit M8 x
24mm

Low-Voltage DC Motor
Speed Controller
NEMA DC Motor
bearings 1/4"
bearings 1/2"
delrin 12"x 12"
base/m bearings
shaft collar 1/2"
shaft collar 1/4"
aluminum 4" cam
aluminum arm

7729K11
59835K76
60355k87
60355k89
8573k18
5912k21
6432k16
6432k12
9035k21
89755k43
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$15.oeI

bearing shaft 1/4"
set screw 1/8"
cable ties
Misc bolts
electrical wire
Toggle switch
Vaccum
Power cord
Misc wire connectors
Plastic covering
funnel
rivets
Chain breaker
Pvc pipe 1.5"
Steel cable
cable clamps
swifer pads
velcro

6061k324
9138A126

1
1
2

3
2
1
1
10ft
20ft
8
1
1

$28.43
$8.46
$4.47
$50.00
.75$/ft
$4.51
$96.58
$9.94
$20.00
$10.00
$3.00
$30.00
$20.00
$9.00
.80$/ft
$1.00
$9.81
$7.89

$28.43
$8.46
$8.94
$50.00
$22.50
$13.53
$96.58
$9.94
$20.00
$30.00
$6.00
$30.00
$20.00
$9.00
$16.00
$8.001
$9.81
$7.89

1

$4.83

$4.83

Total price=

$2,588.14

30ft
3
1
1

staples

This design utilizes many automation aspects, which add to the initial cost of the
device. These additions eliminate the need for manufacturing operation, which saves
Denso costs over time. However, the alternative option is to eliminate the automation
system, which would greatly decrease the initial cost but add to the labor, which must be
applied to the process.
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